Magnoliae officinalis cortex (MOC), derived from Magnolia officinalis and its variation M. officinalis var. biloba, is an important traditional Chinese medicine. In our previous work, 11 hydrophilic ingredients of MOC were isolated and structurally elucidated and four, namely syringin (SG), magnoloside A (MA), magnoloside B (MB) and magnoflorine (MF), showed bioactive effects. Herein, we describe an HPLC -DAD method for the simultaneous quantitative determination of MA, MB, MF and SG in MOC for the first time. The chromatographic separation of samples was performed on an Agilent Zorbax SB-C18 column (250 3 4.6 mm i.d., 5 mm) by gradient elution with water -acetic acid ( pH 3.0) and methanol at a flow rate of 1.0 mL/min. The wavelengths were set at 265 nm for MF and SG, and 328 nm for MA and MB. The average recovery of the four compounds was from 97.63 to 103.84%. Nearly 100 MOC samples harvested from eight habitats were analyzed in which the contents of the tested compound varied in the range of 0.016 -0.350% (MF), 0.010 -0.337% (SG), 0.017 -3.009% (MB) and 0.077 -2.529% (MA). The analysis also indicated that MOC contains a significant amount of phenylethanoid glycosides. This was an unexpected finding because previously lignan was considered to be the main component of MOC.
Previous chemical studies focused on its lipophilic ingredients such as lignans, lipophilic alkaloids and volatile oils (1 -8) . Large pharmacological surveys suggested that magnolol (MG) and honokiol (HK), bioactive lipophilic compounds in MOC, have anticancer, antistress, antioxidant, anti-inflammatory, hepatoprotective and neuroprotective effects (6, 9 -11) . In Chinese Pharmacopeia, the total amount of MG and HK is used as one of the indexes to evaluate the quality of MOC. Compared with these lipophilic compounds, little work has been done on hydrophilic components of MOC, although similar to most traditional Chinese herbs, traditionally, the water decoction of MOC is used in clinics. It has been reported that the aqueous extract of MOC inhibited proliferation of human mesangial cell (12) . Our previous work showed that the aqueous extract could improve gastrointestinal motility dysfunction (13) , which suggested that hydrophilic ingredients also contributed to the clinic effects of MOC. In our previous study, 11 hydrophilic ingredients were isolated and their chemical structures were elucidated, six of which were reported from MOC for the first time. A pharmacological study showed that syringin (SG), magnoloside A (MA) and magnoloside B (MB) inhibited the muscle contraction of isolated rat intestine in a dose-dependent manner. The activities of the first two compounds were almost equal to those of MG and HK. MA, MB and magnoflorine (MF) showed antioxidant activities in both 1,1-diphenyl-2-picrylhydrazyl and oxygen radical absorbance capacity test (14) .
Herein, we report the development of an HPLC method for the simultaneous quantitative determination of MA, MB, MF and SG ( Figure 1 ) and its application for the analysis of nearly 100 MOC samples harvested from eight habitats.
Experimental
Chemicals and reagents MF, SG, MA and MB were all isolated from dried bark of M. officinalis and their purities were more than 98% determined by HPLC in our laboratory (14) . Methanol and acetic acid were purchased from Beijing Chemical Co. (Beijing, China). HPLC grade methanol was purchased from Shield Chemical Co., Ltd (Tianjin, China). Water for HPLC analysis was purified through a Milli-Q academic water purification system (Millipore, France).
Instrument and conditions
A Waters Alliance HPLC system consisting of a 2695 separations module, a 2996 photodiode array detector and an autosampler coupled with an Empower chromatography workstation was used. Separations were carried out on an Agilent Zorbax SB-C18 column (250 Â 4.6 mm i.d., 5 mm). The column was maintained at 358C. The detection wavelengths were 265 nm for MF and SG and 328 nm for MA and MB. The flow rate was 1.0 mL/min. The mobile phase consisted of (A) water -acetic acid ( pH 3.0) and (B) methanol with the following gradient program: 0 -40 min (19 -35% B). The numbers of theoretical plate were 7,000, 14,000, 13,000 and 26,000 for MF, SG, MB and MA, respectively. Preparation of standards and sample solutions Standard MF (2.15 mg), SG (2.59 mg), MB (4.10 mg) and MA (3.96 mg) were accurately weighted and then dissolved in 5 mL methanol for HPLC analysis.
An accurately weighed powder (80 mesh, 800 mg) was added with 25.0 mL methanol; the solution was weighed and then extracted in an ultrasonic bath for 30 min (100 W, 40 kHz). After cooling, the extracted solution was adjusted to the original weight and then filtered through a 0.22-mm nylon filter prior to injection. Each extract was injected in duplicate.
Method validation
Method validation of quantitative analysis was performed by parameters such as linearity, precision, accuracy, limit of detection (LOD) and limit of quantitation (LOQ). The robustness of the applied HPLC method was also studied.
The calibration curve for each compound was performed with nine concentrations by plotting the peak area versus concentration. LOD and LOQ for the four compounds were determined by injecting a diluted sample at a known concentration. The LOD and LOQ were determined at signal-to-noise ratios (S/N) of 3 and 10, respectively.
Precision was determined on both the plant material samples and the standard solution containing the four analytes, and the relative standard deviation (RSD) values were calculated for the integration area and considered to be a measure of precision. The intraday variability was determined by analyzing each sample five times within 24 h, and the interday precision test was determined on three consecutive days. At the same time, the assay method precision determination was carried out using six independent sample solutions.
To evaluate accuracy, the recovery test was carried out using a standard addition method. The test sample was prepared using half the mass of the plant material (400 mg) compared with the procedure described in the section "Preparation of standards and sample solutions". Two levels of standard solution containing the four analytes were spiked into the sample solution, such that the amount of each analyte in the standard solution was almost equal to or 50% of that in the sample solution. The sample was then extracted according to a sample preparation procedure. The accuracy was evaluated by calculating the mean recovery of the four analytes.
To prove the reliability of the analytical method during normal use, the mobile phase composition, pH, flow rate, column temperature, detection wavelength and injection volume were purposely altered to determine the robustness of the method under the experimental conditions.
Result and Discussion
Optimization of the chromatographic conditions A number of mobile phase compositions were tested, and the best separation result was obtained when using a MeOH -HAc water solution. Furthermore, the effect of pH in the mobile phase was studied, and it was found that the peak shape of MF, an alkaloid, became worse when the pH value increased (Figure 2) . A typical HPLC profile is illustrated in Figure 3 where Peaks 1, 2, 3 and 5 were identified as MF, SG, MB and MA, respectively, by comparing their retention times and ultraviolet (UV) spectral data with the standard compounds. Peaks 4, 6 and 7 were identified as phenylethanoid glycoside according to their UV spectral data (Figure 4) . Taking into consideration their maximum UV absorbance, 265 nm was chosen for the detection of MF and SG, and 328 nm was chosen for MB and MA.
Optimization of the sample preparation
To get a high-extraction efficiency of MF, SG, MB and MA from the sample, different extraction solvents (water, methanol and 70% ethanol), extraction methods (soaking, ultrasonic and reflux extraction) and time (30, 60 and 90 min) were studied (Table I) . Methanol as the solvent and ultrasonic extraction at 100 W, 40 kHz for 30 min were found to be the most suitable for the extraction of MF, SG, MB and MA.
Method validation
Linear calibration plots for MF, SG, MB and MA were obtained over the calibration range at nine concentrations in duplicate, with the correlation coefficient (r) .0.999. The LOQ and LOD for the four analytes were determined based on the S/N mentioned above (Table II) . The precision of the assay method was evaluated by carrying out six independent assays. The RSDs of MF, SG, MB and MA determinations were 3.23, 1.53, 2.45 and 2.06%, respectively. The intra-and interday precision for standard and sample solutions was ,3.00% (Table III) .
The average recovery rate of the four analytes was from 97.63 to 103.84%, with RSD values varying between 1.54 and 4.55% (Table IV) .
Mobile phase composition, pH, flow rate, column temperature, detection wavelength and injection volume were varied to determine the robustness of the method under experimental conditions. RSD values were calculated for the integration area of the four analytes as shown in Table V . The result showed that the small changes in the chromatographic parameters did not have a significant influence on the chromatographic behavior of the four analytes.
Sample analysis
Ninety-two batches of MOC were analyzed under the optimized conditions described above, and the results are summarized in Table VI . The amounts of the test compounds varied over the range of 0.016 -0.350% (MF), 0.010 -0.337% (SG), 0.017 -3.009% (MB) and 0.077 -2.529% (MA). At the 95% confidence intervals, the amounts of MF, SG, MB and MA were 0.102 -0.121, 0.087 -0.106, 1.040 -1.280 and 0.922 -1.110%, respectively, which indicated that MA and MB were present in higher amounts than MF and SG in the samples. Higher amounts of MB and MA were found in the samples harvested in Hubei and Hunan provinces than those harvested in Zhejiang and Sichuan provinces. Of interest was that the concentration of MB was almost equal to that of MA in samples harvested in Hunan, Hubei and Sichuan provinces. In the cases of samples harvested in Zhejiang, Fujian and Guizhou provinces, the concentration of MB was lower than that of MA. The concentration of MB was 10 times higher than that of MA in the samples harvested in Guangxi Province, while the concentration of MB was 10 times lower than that of MA in the samples harvested in Anhui Province. Taken together, these results suggested that habitat is one of the important factors that determine the amounts of these four compounds in MOC.
In our previous work, the concentrations of MG and HK in some samples reported herein were determined. It showed that the ratio of MG to HK was always ,0.7 in the case of MO, while it was .0.7 in the case of MOB (15) , which is consistent with Huang's research (16) . This supported the idea that the botanical species instead of habitat has the greatest influence on the concentrations of MG and HK in MOC.
Conclusion
The established HPLC method is sensitive, accurate and precise for the simultaneous quantitative determination of the four bioactive hydrophilic ingredients in MOC samples. The results suggested that habitat is a key parameter that affects the concentrations of MA and MB of the MOC sample. The analysis also The RSD value was calculated for integration area of the tested peak. indicated that MOC contains a significant amount of phenylethanoid glycosides. This was an unexpected finding because, previously, lignan was considered to be the main component of MOC. 
